IEC TS 62898-3-1:2020-09(en)

IEC TS 62898-3-1

Edition 1.0 2020-09

TECHNICAL
SPECIFICATION

Q
s
o
Q& |
o7
SV
<2
O
&
. . ®)
Midrogrids — 4
Parnt 3-1: Technical requirements — Protecti nd dynamic control



https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2020 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

Abouf the IEC

The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, ‘puljlishes

Internptional Standards for all electrical, electronic and related technologies.

About IEC publications

The tgchnical content of IEC publications is kept under constant review by the IEC. Please make-sure’ that you haje the

latest jedition, a corrigendum or an amendment might have been published.

IEC puyiblications search - webstore.iec.ch/advsearchform Electropedia - www.electropédiaZorg
The aflvanced search enables to find IEC publications by a  The world's leading online ‘dictionary on electrotechnology,
variety of criteria (reference number, text, technical  containing more than 22 000 terminological entries in English
comm|ttee,...). It also gives information on projects, replaced  and French, with equivalent terms in 16 additional langpages.

and withdrawn publications. Also known as the(Ihternational Electrotechnical Vocgbulary

(IEV) online.
IEC Juist Published - webstore.iec.ch/justpublished

Stay yp to date on all new IEC publications. Just Published IEC Glossary ~std.iec.ch/glossary
detail§ all new publications released. Available online and 67 000 electrotechnical terminology entries in Engligh and

once 3 month by email. French-extracted from the Terms and Definitions clapse of

IEC jpublications issued since 2002. Some entries hav¢ been

IEC Customer Service Centre - webstore.iec.ch/csc caollected from earlier publications of IEC TC 37, 77, 86 and

If you|wish to give us your feedback on this publication or  CISPR.
need further assistance, please contact the Customer Service
Centrg: sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

IEC TS 62898-3-1

Edition 1.0 2020-09

TECHNICAL
SPECIFICATION

“col@ur
inside

Migrogrids —
Part 3-1: Technical requirements — Protection”and dynamic control

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.240.01 ISBN 978-2-8322-8764-4

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

-2 - IEC TS 62898-3-1:2020 © IEC:2020

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 4
LN I O 15 1 L@ 1 ] P 6
1 S T o] o 1 Y S 8
P (o] 4 0 =Y (V=T =] (= =Y g o = 8
3 Terms and definitions ... 8
4 Microgrid protection requUIremMeNnts. ... ... e 15
411 LT 1= = | PRI - ...15
412 Main requirements specific to microgrids ..........coooiiiiiiiiii O3 ...16
4.2.1 GENEIAL .. g e W ...16
4.2.2 Phase fault protection ... O ...16
4.2.3 Earth fault protection ... ... 17

413 General protection requIremMeNnts ........coouviiiiiii i e e .17
4.3.1 General ... N ... 17
4.3.2 Dependability of protection .........cccooviiiiiiii i e, .17
4.3.3 Security of protection ..o G ...18
4.3.4 Availability and selectivity of protection......... 5/ i) ...18
4.3.5 Operating time (speed) of protection..........C0 i ...19

44 Particular requirements for non-isolated microOgrids...........coooviiiiiiiiiiiiiinenn, ...19
415 Particular requirements for isolated microgrids...........ccoooviiiiii i ...20

5 |Protection systems for MiCrogrids ... ..ot ...20
5]1 General.. ..o ...20
5]2 Short-circuit protection..... ... N e ... 21
5.2.1 Overcurrent proteCtion .. .. e ... 21
5.2.2 Directional overcurrentprotection ... ...23
5.2.3 Distance ProteCtion . . e ...24
5.2.4 Directional power protection ... ...24
5.2.5 Differential protection .........cooiii i ... 24

5J3 SYStEM ProtECHION .. et ...25
5.3.1 Underfoyver voltage proteCtion ... ..o ...25
5.3.2 FreqUency proteCtion ... ... ...26

54 Centralized protection SYStemMS ... ..o ...26

6 Dynamig._stability and CONtrol ... ... e ... 27
6|1 7Y o= =Y P ... 27
6J2 Dynamic stability in MiCrogridS.........cuuuuieieieiieece e ... 27
6.2.1 LT o= = | P 27
6.2.2 Disturbances in MICIrOGridS. .. ... e eae e 28
6.2.3 Voltage and frequency stability ..o 28

6.3 Dynamic control in MICrOgrids ......ccuuiiiiiii e 29
6.3.1 General reqQUITEMENTS ... .. e eas 29
6.3.2 Dynamic control fUNCLIONS ... 29
6.3.3 Control elements in MICrOgrids........ccc.iiiiiiiiiii e 30
6.3.4 Control systems of MICrOgridS ... .o 31
6.3.5 Control of microgrids during grid-connected mode ...........ccocciiiiiiiiiiiiiiiiniennnns 35
6.3.6 Control of microgrids during island mode ............ccooiiiiiiiiiiii e 35

Annex A (informative) Use cases for dynamic control of microgrids ..........c..ccooeiiiiiiininnnns 36


https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

IEC TS 62898-3-1:2020 © IEC:2020 -3 -

710 [T Yo = o 2 V78 PP 40
Figure 1 — Ratio between maximum load current/minimum short-circuit current in the
017 o T | Lo PPN 22
Figure 2 — Control elements in MiCrogrids ... .cc.ii i 30
Figure 3 — Hierarchical control levels of a microgrid...........ccooiiiiiiiiiii e, 32
Figure 4 — Centralized multilevel control of MiCrogrids ..........ccoiiiiiiiiiii e 32
Figure A.1 — Simple microgrid platform for testing transient disturbance during motor

start-up .36
Figure A.2 — Transient control strategy based on reactive current compensation

(o701 1 (0 I PP UPRPPRPRUPRUIRYIN SO0 A ...36
Figufe A.3 — Voltage profile during field testing of transient disturbance with and

withqut transient control device...... ... O ... 37
Figufe A.4 — Current profile during field testing of transient disturbance with-and

with@ut transient control deVICe ... T e ... 37
Figufe A.5 — Microgrid platform with high proportion of RES for testing‘dynamic

disturbance CONtrol ... B e ... 38
Figufe A.6 — Dynamic control strategy .......c.ocoovviinininn s ...38
Figufe A.7 — Voltage profile of field testing with and without’dynamic control device........ ...39



https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

1

2)

3)

4)

5)

6)
7)

8)

9)

-4 - IEC TS 62898-3-1:2020 © IEC:2020

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -

Part 3-1: Technical requirements —
Protection and dynamic control

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh_comp

rising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote|interndtional

cqg-operation on all questions concerning standardization in the electrical and electronic fields.'To this en
infaddition to other activities, IEC publishes International Standards, Technical Specifications| echnical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC @Bublication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested_in‘the subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with thednternational Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an interng
cgnsensus of opinion on the relevant subjects since each technical cogmmittee has representation frd
inferested IEC National Committees.

IE[C Publications have the form of recommendations for international use and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are made %0 ensure that the technical content d
Pyblications is accurate, IEC cannot be held responsible fof¢the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC Natiopal ‘\Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
arly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of corformity. Independent certification bodies provide conf
agsessment services and, in some areas, access”to |[EC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

members of its technical committeesl.and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Public

N¢ liability shall attach to IEC or its directors, employees, servants or agents including individual experjs and

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the cortect application of this publication.

Attention is drawn torthe-possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall not be held responsible for identifying any or all such patent rights.
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the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62898-3-1, which is a Technical Specification, has been prepared by IEC subcommittee
8B: Decentralized Electrical Energy Systems of IEC technical committee 8: System aspects of
electrical energy supply.

The text of this Technical Specification is based on the following documents:
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Draft TS Report on voting
8B/53/DTS 8B/59/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in

the report on voting indicated in the above table.
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
A lisfof all parts in the TEC 62898 series, published under the general title Microgrids, cgn be
foundl on the IEC website.
The fommittee has decided that the contents of this document will remain unchanged unt|l the
stability date indicated on the IEC website under "http://webstore.iec.ch” in thé>data relatgd to
the gpecific document. At this date, the document will be
e reconfirmed,
e Withdrawn,
o replaced by a revised edition, or
e amended.
IMAORTANT - The 'colour inside' logo on the:cover page of this publication indicdtes
that it contains colours which are considered.to be useful for the correct understanding

of i

ks contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Microgrids can serve different purposes depending on the primary objectives of their
applications. They are usually seen as a means to manage reliability of supply in a grid
contingency and to facilitate local optimization of energy supply by controlling distributed energy
resources (DER). Microgrids also present a way to provide electricity supply in remote areas,
to use renewable energy as a systematic approach for rural electrification and to increase
resiliency and security of supply to end users.

Deployment of DER can cause a microgrid or distribution system of a grid to face several

lenaes—including fault nrotection-and dvnamic control issues— TFhere—are—however
cha ome
1eRg —HGHHEHRG protecHoR—ahRa—ay-haiH HHH-G+—HSSH8S—H8F8—a8— oW V8+; n

Torot

issug¢s commonly faced in the protection and control of microgrids which are less preyvalgnt in
largg grids. These issues include: bidirectional flow of power resulting in voltage excurgions
outside acceptable limits, fault current being supplied from multiple sources; losis of
synchronism between multiple sources when a fault occurs, potentially limited ‘fault cufrent
maghnitude, lower inertia or lower primary time constant, regular changes_in operatjonal
configuration due to economic optimization, and intermittency of source-dependent renewable
distributed generators. These issues worsen when the microgrid contains-several converter-
baseld generators (CBGs) and operates in island mode. As such, conyentional protection and
control strategies may not be suitable or sufficient for microgrids. Rfetection systems diff¢rent
from|the conventional ones may be required. In some instances, protection systems may pheed
to bg adjusted dynamically based on the operating state of the microgrid.

Conyentional power systems have predominantly consisted* of power sources, such as fossil
fuel-fired thermal power plants, hydro power plants_‘@nd nuclear power plants, which are
relat|vely stable and easy to control. On the other hand, microgrids often contain many diff¢grent
types of sources, many of which are intermittent. Hence, protection and dynamic contdol in
micrpgrids need to be more sophisticated thancinyconventional power systems. However, the
main| grid contributes to the fault currents in the ‘grid-connected mode of operation and hence
the flault currents are large enough to actuate conventional protection devices. Though| it is
possjble to employ conventional protection, principles and existing standards for the proteftion
of mficrogrids operating in grid-connected mode, the existing protection settings should be
systematically assessed as the existence of DER may compromise the coordination of the
protgction system.

Due [to the specific characteristics of microgrids and their frequent use of converter-bpsed
gendrators, disturbances in microgrids require special consideration. The disturbance probjems
in mjcrogrids can be addressed by dynamic control. Dynamic control can be classified as
trangient disturbance\control and dynamic disturbance control. Transient disturbance cgntrol
damps disturbances-ih microgrids caused by forced or unintended sudden and severe vo|tage
and ¢urrent changes due to switching of large sources or loads, mode transfer or fault clearpnce,
and |characterized by large magnitude and phase change and with a time duration of
milligeconds.~Dynamic disturbance control regulates disturbances in microgrids caused by
forcgd or unintended voltage and current changes due to generator and load variation,| and
chargcterized by magnitude and phase changes beyond the normal operating limits,| and

tn...n». for oaillic nda-t caeaonda
contfpath TOT ST UTITOS U STCUTTUSS

The initial characteristics of faults are very similar to initial characteristics of transient and
dynamic disturbances. Distinguishing the two types of incidents from each other is critical for
the proper operation of microgrids. Thus, protection and dynamic control of microgrids are
closely related and need to be coordinated with each other.

This part of IEC 62898 specifies requirements to address the above-mentioned protection and
dynamic control issues in microgrids.
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IEC TS 62898 (all parts) intends to provide general guidelines and technical requirements for
microgrids.

a) IEC TS 62898-1 mainly covers the following issues:

determination of microgrid purposes and application;

preliminary study necessary for microgrid planning, including resource analysis,
forecast, DER planning and power system planning;

load

principles of microgrid technical requirements that should be specified during planning

stage;

b) IEC TS 62898-2 mainly covers the following issues:

Micr
requ
1)
2)

< —

N OO o AW
~ ~— ~ ~ ~~—~

mioraarid avalbiiatinn tn calant an Antirmal minraarid Nlannina cnhama
HHEHogHa—Evartatto—toSeteetra i optHharTHerograpatg—Senehe-

operation requirements and control targets of microgrids under different| oper
modes;

basic control strategies and methods under different operation modes;

requirements of energy storage, monitoring and communication under diff¢
operation modes;

power quality.

EC TS 62898-3-1 mainly covers the following issues:

requirements for microgrid protection;

protection systems for microgrids;

dynamic control for transient and dynamic djsturbances in microgrids;

pgrids can be stand-alone or a sub-system“of an interconnected grid. The tech
rements in this Technical Specification are intended to be consistent with:

EC 60364-7 (all parts and amendments related to low-voltage electrical installations);

EC TS 62786, requirements for conriéction of generators intended to be operated in pa
ith the grid;

EC TS 62257 (all parts) with(respect to rural electrification;
EC TS 62749 with respectito power quality;

FC TS 62898-1;

EC TS 62898-2;

FC TS 63268;

ation

brent

nical

rallel
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MICROGRIDS -

Part 3-1: Technical requirements —
Protection and dynamic control

1 Scope

The |purpose of this part of IEC 62898 is to provide guidelines for the specification of
protgction and dynamic control in microgrids. Protection and dynamic control in a microgri
interlded to ensure safe and stable operation of the microgrid under fault and disturb
conditions.

This
inclu
(PO
point
guid
or bq
char
occu

This
tech
cont
cont
diffe
micr

Depg¢nding on specific situations, additional or stricter requirements can be defined by

micr

This
This
equi

This
cove

des both isolated microgrids and non-isolated microgrids with a single point of conne
L) to the upstream distribution network. It does not apply to micfegrids with two or

s of connection to the upstream distribution network, although such systems can follo
blines given in this document. This document applies to microgrids operating at LV o
th. DC and hybrid AC/DC microgrids are excluded from,the’ scope, due to the parti
hcteristics of DC systems (extremely large fault currents”and the absence of natd
rring current zero crossings).

document defines the principles of protection and.dynamic control for microgrids, ge
nical requirements, and specific technical requirements of fault protection and dyn
ol. It addresses new challenges in microgridprotection requirements, transient disturb
ol and dynamic disturbance control reguirements for microgrids. It focuses on
ences between conventional power system protection and new possible solution
bgrid protection functions.

bgrid operator in coordination with the distribution system operator (DSO).

document does not cover protection and dynamic control of active distribution syst
document does nat cover product requirements for measuring relays and prote
bment.

red by IEC/60364 (all parts and amendments related to low-voltage electrical installati

Req

2

irements_relating to low voltage microgrids can be found in IEC 60364-8-2.

fault
 are
ance

document applies to AC microgrids comprising single or three-phasemeétworks or bath. It

ction
more
v the
r MV
cular
rally

heral
amic
ance
the
5 for

the

EMSs.
ction

document does not cover safety aspects in low voltage electrical installations, which are

bNS).

ormative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60364 (all parts), Low voltage electrical installations

3 Terms and definitions

For t

he purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

code
<electric power system> collection of rules concerning rights and duties of the parties involved
in a certain part of the electric power system

EXAM

[SOU

3.2

(eleg
(eleg
oper
trans

Note
docun

[SOU

3.3
cony
CBG
gens
diffe

power converter

3.3.1
grid
gens
volta

Note
powe

3.3.2
grid
gens
of ag

PLE Grid code, distribution code.

RCE: IEC 60050-617:2009, 617-03-03]

tronic) (power) converter

tronic) (power) convertor

Ative unit for electronic power conversion, comprising one or more glectronic valve dev
formers and filters if necessary and auxiliaries if any

to entry: In English, the two spellings "convertor" and "converter" are in use, and both are correct.
hent, the spelling "converter" is used in order to avoid duplications.

RCE: IEC 60050-551:1998, 551-12-01, modified — The figure has been deleted.]

erter-based generator

rator of AC power that is naturally a D€’ source, or an AC source whose frequen
ent from the power frequency, and is eonnected to the electric power system throu

forming CBG
rator which is connected\to’ the network through a converter that can be controlled
ge source capable of controlling voltage and frequency of the network

to entry: There are also stiff grid-forming CBGs which are a special type of grid-forming CBGs deli
at constant frequéncy and voltage.

supporting CBG
rator which is connected to the network through a converter with a power source cay
tively assisting the regulation of voltage and frequency of the network

ces,

n this

Cy is
gh a

as a

ering

able

3.3.3

grid-following CBG
generator which is connected to the network through a converter with a power source that does
not have the capability to actively assist the regulation of voltage and frequency of the network

3.4

distributed energy resources

DER

generators (with their auxiliaries, protection and connection equipment), including loads having
a generating mode (such as electrical energy storage systems), connected to a low-voltage or
a medium-voltage network

[SOURCE: IEC 60050-617:2017, 617-04-20]


https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

- 10 - IEC TS 62898-3-1:2020 © IEC:2020

3.5

distributed generation

embedded generation

dispersed generation

DG

generation of electric energy by multiple sources which are connected to the power distribution
system

[SOURCE: IEC 60050-617:2009, 617-04-09, modified — "distributed generation" has been listed
as a first preferred term and the abbreviated term "DG" has been added.]

3.6

distibution system operator
distibution network operator
distjibutor

DSO
party operating a distribution system

[SOURCE: IEC 60050-617:2009, 617-02-10, modified — The abbreviated'term "DSO" has peen
addgd.]

3.7
dyngmic disturbance
<migrogrid> series of voltage and current changes in a microgrid caused by output of renewable
enerfy sources reaching a sufficiently high proportion,~non-linear loads, intentional islanging,
intermittency and output power fluctuation of renewable energy resources and grid side fgults,
which continue for a period of 50 msto 2 s

3.8
elecfrical energy storage
EES
installlation able to absorb electrical_energy, to store it for a certain amount of time and to
relegse electrical energy during which energy conversion processes may be included

EXAMPLE A device that absorbs AC.électrical energy to produce hydrogen by electrolysis, stores the hydiogen,
and upes that gas to produce AC électrical energy is an electrical energy storage.

Note | to entry: The term “electrical energy storage” may also be used to indicate the activity that an appafratus,
descr|bed in the definitionscarries out when performing its own functionality.

Note ? to entry: Theyterm “electrical energy storage” should not be used to designate a grid-connected installation,
"electfical energy storage system" is the appropriate term.

[SOURCE: {EC 62933-1:2018, 3.1]

3.8.1
energy intensiveapptication
EES system application generally not very demanding in terms of step response performances
but with frequent and long charge and discharge phases at variable discharge powers

Note 1 to entry: Reactive power exchange with the electric power system is frequently present together with active
power exchange.

[SOURCE: IEC 62933-1:2018, 3.12, modified — "energy intensive application" has been listed
as a preferred term instead of an admitted term, "frequent" has been added in the definition,
"may be present" has been replaced with "is frequently present" in Note 1 to entry and Note 2
to entry has been deleted.]
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3.8.2
power intensive application

EES

system application generally demanding in terms of step response performances and with
frequent charge and discharge phase transition or with reactive power exchange with the

electric power system

[SOURCE: IEC 62933-1:2018, 3.13, modified — "power intensive application" has been listed

as a preferred term instead of an admitted term and the note has been deleted.]

3.9

fault ride-through

FRT

abilii/ of a generating unit or power plant to stay connected during specified faults in the elq
power system

3.10

high| voltage

HV

2) i
t

1) i:[ a general sense, the set of voltage levels in excess of low voltage

a restrictive sense, the set of upper voltage levels used<in/power systems for
ansmission of electricity

[SOUYRCE: IEC 60050-601:1985, 601-01-27]

3.1

island

<power system> portion of a power system, thatlis disconnected from the remainder of the

systeém, but remains energized

[SOUYRCE: IEC 60050-603:1986, 603-04-46]

3.1

islan
the
secti

1

resulting from planned action(s) of automatic protections, or from deliberate actig
esponsible network operator, or both, in order to keep supplying electrical energy
on of an electric power system

inteFional island

[SOURCE: IEC 60050-617:2017, 617-04-17]

3.11
unin
islan

2
tentionahisland
d thatsis.not anticipated by the relevant network operator

[SOUYRCE: IEC 60050-617:2017, 617-04-18]

3.12

low voltage

LV

set of voltage levels used for the distribution of electricity and whose upper limit is generally

accepted to be 1 000 V for alternating current

[SOURCE: IEC 60050-601:1985, 601-01-26]

3.13
med
MV

ium voltage

any set of voltage levels lying between low and high voltage
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Note 1 to entry: The boundaries between medium- and high-voltage levels overlap and depend on local circumstances
and history or common usage. Nevertheless the band 30 kV to 100 kV frequently contains the accepted boundary.

[SOURCE: IEC 60050-601:1985, 601-01-28]

3.14
micr

ogrid

<electric power system> group of interconnected loads and distributed energy resources with
defined electrical boundaries forming a local electric power system at distribution voltage levels,
that acts as a single controllable entity and is able to operate in either grid-connected or island
mode

Note

ell

3.14
isol

stan
grou
boun
conn

Note

ell

3.14
non-
grou
boun

Sell
of "is

3.15
over
OVR

to entry: This definition covers both (utility) distribution microgrids and (customer owned) facility micro

RCE: IEC 60050-617:2017, 617-04-22]

1
ted microgrid

-alone microgrid
b of interconnected loads and distributed energy resources (with defined elec
daries forming a local electric power system at distribution voltage levels, that cann
ected to a wider electric power system

to entry: Isolated microgrids are usually designed for geographicalNislands or for rural electrification.

RCE: IEC 60050-617:2017, 617-04-23]

2
isolated microgrid
b of interconnected loads and distributed energy resources with defined elec

grids.

rical
bt be

rical

daries forming a local electric powerxsystem at distribution voltage levels, that can be
connected to a wider electric power system

RCE: IEC 60050-617:2017, 617%-04-23, modified — The definition is a modification of
olated microgrid" (3.14.1).]

-voltage ride-through
T

ability of a generating-unit or power plant to stay connected during a limited duration ri

systd

Note
capal

m voltage

to entry:_JIn some documents the expression "High Voltage Ride Through (HVRT)", is used for the
ility.

that

e of

same

3.16

phase Tocked Toop

PLL

feedback circuit for synchronizing an oscillator with the phase of an input signal

[SOURCE: IEC 60050-713:1998, 713-10-48]

3.17

point of connection

POC

reference point on the electric power system where the user’s electrical facility is connected

[SOURCE: IEC 60050-617:2009, 617-04-01]


https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

IEC TS 62898-3-1:2020 © IEC:2020 - 13 -

3.18

power quality
characteristics of the electric current, voltage and frequencies at a given point in an electric
power system, evaluated against a set of reference technical parameters

Note 1 to entry: These parameters might, in some cases, relate to the compatibility between electricity supplied in
an electric power system and the loads connected to that electric power system.

[SOURCE: IEC 60050-617:2009, 617-01-05]

3.19

pow;‘r‘sys‘l’e‘m‘stabiiity
capability of a power system to regain a steady state, characterized by the syng¢hro

oper

impeldance

[SOURCE: IEC 60050-603:1986, 603-03-01]

3.20

protection system
arrangement of one or more protection equipments, and other deviees intended to perform

orm

Note

tripping circuit(s), auxiliary supply(s) and, where provided, communication system(s). Depending upon the pring

of the
equip

Note

[SOUYRCE: IEC 60050-448:1995, 448-11-04]

3.20

depédndability of protection

prob
time

[SOUYRCE: IEC 60050-448:1995, 448-12-07, modified — The figure has been deleted.]

3.20
relia
prob
time

Note

not required to do so.

htion of the generators after a disturbance due, for example, to variation of pow

bre specified protection functions

to entry: A protection system includes one or more protection equipments, instrument transformer(s), \

protection system, it may include one end or all ends of the protected section and, possibly, automatic rec
ment.

P to entry:  The circuit-breaker(s) are excluded.

1

Ability for a protection of not having a failure to operate under given conditions for a g
interval

2

bility of protection
Ability that-avprotection can perform a required function under given conditions for a g
interval

torentry: The required function for protection is to operate when required to do so and not to operate

nous
Br or

one

iring,
iple(s)
osing

iven

iven

when

[SOURCE: IEC 60050-448:1995, 448-12-05, modified — The figure has been deleted.]

3.20.3

security of protection
probability for a protection of not having an unwanted operation under given conditions for a
given time interval

[SOURCE: IEC 60050-448:1995, 448-12-06, modified — The figure has been deleted.]

3.20.4
selectivity of protection
ability of a protection to identify the faulty section and/or phase(s) of a power system
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[SOURCE: IEC 60050-448:1995, 448-11-06]

3.20.

5

unwanted operation of protection
operation of a protection either without any power system fault or other power system
abnormality, or for a system fault or other power system abnormality for which that protection

shou

Id not have operated

[SOURCE: IEC 60050-448:1995, 448-12-03]

3.21

reliapility
<ele¢tric power system> probability that an electric power system can perform_a“req

func

Note
a nea

Note

[SOU

3.22
stab
<ele

ion under given conditions for a given time interval

to entry: Reliability quantifies the ability of an electric power system to supply adequate-€lectric serv
[ly continuous basis with few interruptions over an extended period of time.

P to entry: Reliability is the overall objective in electric power system design and operation.

RCE: IEC 60050-617:2009, 617-01-01]

lity
Ctric power system> capability of a power systerny to-regain or to retain a steady-

acceptable quality of the electricity supply, after a disturbance due, for example, to variati

pow

[SOLU
and

3.23
stab
<mid
distu

3.24
stab
oper

el

3.25

concI)tion, characterized by the synchronous operation of the generators and/or a st

r or impedance

RCE: IEC 60050-603:1986, 603-03-01(modified — "or to retain a steady state cond
and/or a steady acceptable quality of the electricity supply" have been added.]

lity
rogrid> capability of a microgrid to regain a steady state after being subjected
rbance without involuntary*load shedding

lity zone
hting area situated within the stability limits of the system state variables

RCE: IEG'60050-603:1986, 603-03-12]

totall
total
THD

| harmonic ratio

lired

ce on

state
cady
bn of

tion"

to a

harmonic distortion

ratio of the RMS value of the harmonic content to the RMS value of the fundamental component
or the reference fundamental component of an alternating quantity

Note 1 to entry:

from t

he context which one is used an indication should be given.

Note 2 to entry: The total harmonic ratio may be restricted to a certain harmonic order. This is to be stated.

[SOURCE: IEC 60050-551:2001, 551-20-13]

The total harmonic ratio depends on the choice of the fundamental component. If it is not clear
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3.26

transient disturbance

<microgrid> sudden and severe voltage and current changes in a microgrid caused by switching
of generation or load, unintentional islanding or faults, characterized by large magnitude and
phase changes and continuing for a period of 0 ms to 50 ms

3.27

transient stability of a power system

power system stability in which disturbances may have large rates of change and/or large
relative magnitudes

[SOURCE: IEC 60050-603:1986, 603-03-03]

3.28
undeér voltage ride-through
UVR

ability of a generating unit or power plant to stay connected during a limiied duration dlip of

systém voltage

Note | to entry: In some documents the expression “Low Voltage Ride Through~({LVRT)", is used for the |same

capalility.

4

4.1

Microgrid protection requirements

General

With|conventional grids, the protection strategy depends on many factors and the complexjty of
the grotection systems can be very different in‘different applications. For example, proteftion
systems are different in residential LV grids fram those used in meshed transmission grids{ The

protgction strategy in microgrids depends onmany factors. The main factors are as follows.

a)

b)

c)

Hrotection systems shall be adapteddo the voltage level of the microgrid:

o[ microgrids based on LV \networks: for example, residential house, building, Jrural
electrification (access to-energy);

o| microgrids with MV and*LV distribution networks: for example, a campus with seyeral
buildings and MV links’between buildings, remote industrial plants, geographical islands
with an MV distribution network between substations.

Hrotection systems/depend on the microgrid architecture. In traditional grids, proteftion
siystems are closely linked to the grid architecture (meshed grid, closed or open ring, rgdial
structure, etcy): For microgrids, its electrical structure also has an impact on the proteftion
siystem complexity. For example, a microgrid where all the sources are connected t¢ the
spme busbar is easier to protect than a microgrid with distributed generators on seyeral
blusbars. The grid architecture and the locations of the power sources can significantly gffect
ﬂlle complexity and therefore the reliability and cost of the protection system. Thus] the
protection system design shall be considered at the same time as the grid architecture.

Protection systems are designed to meet specified reliability and availability requirements
of the power system. The protection strategy, in particular the fault selectivity, is a key factor
to reach the required availability level for a given microgrid, but these technical requirements
shall be balanced against the corresponding cost of the protection equipment.

Protection equipment commercially available on the market is not the same for MV and LV
applications:

— Multifunctional protection relays, which are commonly used in MV/HV grids, can be used
to implement complex protection systems. These devices can provide several protection
functions, an internal customized logic, and different setting groups, which can typically
be changed remotely via the relay's communication link. Complementary to the
protection relay, measuring sensors (current transformers, voltage transformers,
temperature sensors, etc.) and (in most cases) a reliable DC power supply system are
essential parts of the protection system.
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— At LV levels, simpler protection functions are often embedded in LV circuit-breakers.
However, protection systems shall also meet specific requirements linked to safety and
based on local regulations or international standards (e.g. IEC 60364 (all parts)). In
specific cases (e.g. point of connection to MV level, critical infrastructure), protection of
parts of the LV network can be based on MV protection relays to cover complex
protection systems. This option is already used for conventional grids.

Microgrid protection systems are particularly impacted by the short-circuit current levels.
Due to different operation modes (grid-connected and island) and the availability and control
of distributed generators, the short-circuit current level and characteristics could vary greatly
at any point within the microgrid. If synchronous generators are continuously operating, for
example in hydropower or biogas plants, the short-circuit current should be large enough to

ake conventional protection effective. In the case of isolated microgrids, or non-iso|ated

icrogrids operating in island mode, and which are served only by converter-bpsed
generators, the short-circuit current is often low. In these cases, the generators-might be

ble to provide sufficient current to operate an overcurrent protection device.with a lpwer
current setting but not those with a higher setting. The design of the microgrid protegtion
slystem needs to consider the short-circuit current from generators within)the microgrid and
impact of the different operational modes.

Main requirements specific to microgrids

Micrpgrids can have a number of specific requirements in comparison with conventional grids.
Protgction of microgrids with a high proportion of conventional synchronous machines |(e.g.
geodgraphical islands or industrial plants fed by convefitional gensets) may resemble that of
convientional grids. However, microgrids with a higherproportion of converter-based-generators

have specific requirements that need to be considered.

4.2.2 Phase fault protection

In mjcrogrids, phase fault detection is challenging due to the following issues:

a)

b)

c)

Hault current contribution from mukltiple in-feeds

Conventional MV and LV power’ systems are typically operated in such a way that|only
ynidirectional short-circuit current flow occurs, i.e. they only have a single short-c|rcuit
gource (neglecting the contributions from motors). In microgrids, short-circuit sourceq can
He distributed at different’locations. Such multiple generators are common in existing HV
transmission systems.where more sophisticated protection systems are used, for example
distance protection“and differential protection. This point will be developed in Clause g, but
uch protection(systems are not always applicable to MV or LV levels of microgrids|with
respect to economic constraints, except for the specific application requirements.

w short=Circuit current magnitude
microgrids, the proportion of converter-based generation (wind, PV, EES, etc.) is pften
uchhigher than in conventional power systems. Grid-forming converters allow microgrids
to b€ operated with only converter-based generators, without any conventional synchrohous
i A ; freui i only
slightly above the rated current of the converter, whereas a synchronous machine can
provide three to five times its rated current. Depending on the operating mode, the minimum
short-circuit current could be close to or even below the maximum load current, especially
for feeders close to main busbars (where sources are connected) or feeders between
busbars with distributed generators connected. This is not generally an issue for feeders
supplying smaller loads, as the ratio between the minimum short-circuit current and the
rated load current is high enough to allow discrimination between fault and load currents.
For details on the use of conventional phase overcurrent protection in microgrids, especially
for LV microgrids, see 5.2.1.2.

Microgrids can be operated in many operating modes

For non-isolated microgrids, there are two main modes — grid-connected mode or island
mode. Fault detection and selectivity shall be ensured for microgrids operating in either of
the two modes, considering the specific generator connection scheme and all possible
operating scenarios (see 4.5).
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4.2.3 Earth fault protection

The earth fault protection system is directly linked to the earthing system. The protection system
shall be designed according to the earthing system (as in conventional grids). The following
points should be considered in earth fault protection of microgrids.

a) The earthing system shall be managed in all possible operating modes.

e For non-isolated microgrids:

— in grid-connected mode, the earthing system is generally defined by the grid and the
protection system is generally based on the same principles as the grid, with
selectivity between the grid protection and the microgrid protection

— inisland mode, if the earthing connection is located inside the main grid, above the
POC, the earthing connection may be lost and the islanded microgrid will.eperate as
an (unwanted) unearthed system. According to the earthing system definéd for the
island mode, a new earthing connection could be required inside, the islaphded
microgrid. In any case, it is recommended to have the neutral to earth connectipn in
one single location (as required in IEC 60364 (all parts) for (@@ installationg) to
facilitate fault detection and selectivity.

functional in all possible configurations. If the microgrid is divided into several sub-parts
after protection actions (e.g. the trip of a feeder between two source busbars), one or
more of the sub-parts could eventually become un-earthed. Such a scenario shall be
considered by the protection system, for example ‘setting up a new earthing sygdtem,
generator disconnection (part-system shut-down) or use of specific protection fof the
now un-earthed part.

o| For isolated microgrids, the earthing system shall be designed to ensure that it rer}ains

b) Oepending on the selected earthing system, eafth fault detection and selectivity may be
mpler than for phase faults. When the neutralis earthed at a single location (most df the
se cases), this single neutral-to-earth connection is the only path for the earth fault current
esidual current). Fault detection can hénce be ensured by use of conventional resjdual
vercurrent, and selectivity can be achieved with a basic time selectivity. Even if convarter-
ased generators have low levels 0f earth fault current, the use of sensitive earth |fault

vercurrent protection is sufficientsto meet the sensitivity requirements.

or all LV microgrids the earth fault protection shall meet the sensitivity and operation|time
bquired by local regulations or international standards (IEC 60364 (all parts),
FC 60364-4-41 and IEG 60364-8-2 in particular).

FC 60364 (all parts). (in particular IEC 60364-8-2) addresses the particular issue af an
arthing system change between grid-connected mode (earthing system defined by thegrid)
nd island mode (with an earthing system which could be different from the grid, e.g. TT
ith grid and_TN-S for islanded microgrid, but other combinations are possible).

_—1 O O O = C O O

=90 0 =

4.3 | General protection requirements

4.3.1 General

Genuai ICquilGlllClltb dal'© app“babic tU d” }JIUtUbtiUII bybtclllb, bUth bUIIVCIItiUIIdi ylidb and
microgrids. Some of these requirements are expanded to address specific requirements for
microgrids.

4.3.2 Dependability of protection

Dependability of protection is the probability of not having a failure to operate. This can
generally be achieved by satisfying two main requirements:

a) ensuring adequate protection sensitivity;

b) implementing a protection system with two independent protection levels (backup protection
function).

All faults inside a microgrid shall be cleared in all possible operating modes.


https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

1)

2)

- 18 — IEC TS 62898-3-1:2020 © IEC:2020

For phase faults, a minimum sensitivity shall be ensured to detect an insulation failure and
avoid the risk of fire. In the event of insulation failure in cables or electrical equipment, even
if the short-circuit current is limited by the short-circuit power of converter-based generators,
and the magnitude is close to the rated level, an insulation failure fed by a "rated" current
becomes a hot spot with a risk of high temperatures and the potential to start a fire. So even
if short-circuit currents are small due to the limited short-circuit current rating of the
generators, an insulation failure between phases or phase to neutral/earth shall be
detected, with an operating time shorter than thermal overload protection (of the cable, line,
motor, transformer, generator, etc.). Typically, a fault clearing time shorter than 5s is
recommended for these low short-circuit currents (which are not overload currents).

For earth faults, a minimum sensitivity shall be ensured to meet the requirements for the
maximum step and touch voltages defined by local regulations or international stapdards.
Generally, this requirement is defined by a maximum voltage (or current forfa-given
maximum earthing resistance) and associated maximum clearing time.

To ehsure the appropriate level of safety, protection systems shall normally proyxide two leyels,
a main protection function and a backup protection function. Generally, the/main proteftion
cleais the fault with the right selectivity, while the backup protection could-bé managed with a
redufed selectivity after a time delay. In MV or LV systems, with conventional unidirectjonal
shorf-circuit current flow, the backup protection is ensured by the ‘protection stage af the
upstfeam level or a general backup protection based on voltagesmeasurement at the squrce
levell In HV systems, the backup protection is ensured with twe independent main proteftion

systems to ensure a high safety and availability level.

4.3.3 Security of protection

Secyrity of protection is the probability of not having@n‘dnwanted operation. Protection systems
used in microgrids shall remain stable (no unwanted.operation) during disturbance events, such

as those described in Clause 6.

For mon-isolated microgrids in grid-connected mode, protection functions inside the micrpgrid
shalllremain stable in the event of disturbances in the main grid. Local grid codes or regulations
normjally define requirements for fault‘ride-through (FRT), such as under/over voltage Jride-
throdgh (UVRT/OVRT) or frequencyride-through. FRT can be defined for voltage and frequency
disturbances. The aim is to ensuré.the stability of loss of mains (anti-islanding) protection, which

can

be located at the POC oriin-each generator protection. The ride-through requirements are

applicable to all kinds of profection inside the microgrids located between the POC and the
gendrators, because all the-distributed sources shall remain connected to the main grid diiring

thes¢ disturbances.

4.3.4 Availability and selectivity of protection

In the event 6f)a fault inside a microgrid, the faulted equipment shall be isolated with the cqrrect
selegtivity.to*ensure continuity of service of the remaining system, facilitate fault location| and

redugerepair time.

For a single infeed feeder, the protection system should trip only the circuit-breaker located just
upstream of the fault location. In the case of a double infeed feeder, the protection system shall
trip the two circuit-breakers at both ends of the faulted feeder. In general, all circuit-breakers of
all in-feeds to the fault shall be tripped to isolate the fault.

Selectivity of protection systems for microgrids can be ensured differently according to the
operating mode and configurations of the microgrid. Three different protection selectivity levels
can be defined inside a microgrid.

a) High level, where safety and availability are fully ensured: All faults are detected and cleared

with full selectivity. This level shall be required for the most common operating modes (e.g.
grid-connected mode or island mode with the most common generation conditions).
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b)

c)

Medium level, where safety is ensured but availability is not fully ensured: All faults are
detected but are cleared with partial selectivity (not limited to the faulted feeder). This level
could be used for island mode for some combinations of operating generators.

Low level, where safety is ensured but availability is not ensured: All faults are detected and
cleared with a complete blackout of the microgrid, without selectivity. This level could be
used for island mode for some combinations of operating generators.

Due to economic constraints, it may not be possible to ensure the high level (full selectivity) in
all possible operating modes. The cost of the protection system could be too expensive to
achieve the targeted availability. The protection system could be based on the three levels
described above, but these levels shall be clearly identified during the protection system design.

4.3.£J Operating time (speed) of protection

The Imaximum clearing time of the protection system shall be determined accerding t¢ the

folloying requirements:

a)

b)
c)
d)

e)

4.4

Naximum short-circuit clearing time to ensure stability of the microgrid’(depending on the
Hehaviour of generators during short-circuits; three-phase faults could be the most ongrous
isturbances).

o

Tlhe equipment's ability to withstand the through fault current dueto an external fault for the
aximum fault clearance time.

he thermal withstands (managed by thermal overload” protection, without any |[new
challenge in microgrids in comparison with conventionalgrids).

tep and touch voltage requirements, defined by cdrrent versus time curves defined in Jocal
regulations and international standards.

ime selectivity with loss of main protection setfings defined by FRT requirements: for short-
cjrcuits inside the microgrid or the main grid; a'voltage sag can occur, with a risk of unwgnted
peration of loss of mains protection. .Fhe short-circuit protection and the loss of mains
rotection shall be coordinated to avoid a false opening of the POC. The short-cjrcuit
rotection shall clear the fault inside the main grid or inside the microgrid beforg the
perating time of the loss of mains-protection elapses.

Particular requirements *for non-isolated microgrids

The pecific challenge for protection systems of non-isolated microgrids that can operate in
island and grid-connected modes is to manage the significantly different conditions in thg two

operpting modes.

grid-connected’ mode:

The shaért=circuit current is generally higher than in island mode, so it is easier to dgtect.
However, all the protection inside the microgrid shall remain stable in case of faults in
the grid. In the case of a short-circuit inside the microgrid, the protection system should
isotate only the faulted part instead of isolating the entire microgrid, in order to maxi[nize
the availability of supply (selectivity issue)

e The loss of mains protection shall disconnect the microgrid from the main grid only if the
fault is located on the feeder from the main grid which supplies the microgrid. The loss
of mains protection shall remain stable if the fault is located in the microgrid (fault shall
be cleared by microgrid protection) or located on adjacent feeders of the main grid (fault
shall be cleared by main grid protection). If the POC protection is not stable, the
microgrid will be islanded when there is a fault on an adjacent feeder inside the main
grid or inside the microgrid.

In island mode, the protection system should be able to manage the following changes:

e When the earthing system in island mode is different from the earthing system in grid-
connected mode, earth fault protection settings and selectivity shall be suitable for the
different locations of earth fault current source.

e When the short-circuit current in island mode is significantly lower than in grid-connected
mode, protection schemes used for grid-connected mode might not be sensitive enough
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for island mode. Specific protection could be required, in addition to conventional
overcurrent functions used for the grid-connected mode.

e The opening of the POC can modify the selectivity rules between protection inside the
microgrid.

The management of grid-connected or island modes can require a setting change to ensure
detection and selectivity in each mode. These adaptive settings can be managed in a
number of different ways. The most prevalent is by the selection of group setting features
commonly available in multifunctional relays.

Fault ride-through (FRT) capability of generators in a microgrid should be considered during
the protection design phase. Generators need to meet the grid connection requirements of
the local network operator if the microgrid can be operated in grid-connected mode.| The
RT requirements include the voltage against time curve associated with_thge'| grid
characteristics, pre-fault conditions, current injection (active/reactive currento priprity,
squence components, response behaviour) and post-fault behaviour. The settings of the
rotection systems should refer to the FRT settings to ensure the generatons.are not tripped
fore the network protection, especially during the islanding operation.

Particular requirements for isolated microgrids

Protgction systems for isolated microgrids are simpler than for non-iselated microgrids, bechuse

the

grid-connected mode is not applicable. However, all the requirements defined in 4.3 shall

be fylfilled. The main challenge is the possible low short-cireuit/current magnitudes in gome

operpting modes.

The [short-circuit current magnitude and characteristics of an isolated microgrid should be
consfidered during the design phase. In an isolateddnierogrid, there shall be at least one |grid-
form|ng generator in the system that provides the main source of short-circuit current. The ¢ther
sourges can be controlled as grid-following or grid*supporting devices that provide normal|FRT

behgviour.

5

5.1

Protéction systems for microgrids could be based on two basic approaches.

a)

b)

Protection systems for microgrids

General

Jtand-alone de-centralized protection based on local measurements (e.g. current, volfjage)
ith selectivity based on different principles:

<

o Time selectivity, which remains applicable for some parts of the microgrids cloge to
terminal/feeders, or simple microgrid architectures where all sources are located oh the
same\busbar and not distributed on several busbars.

o| < Kogic selectivity, with or without signalling schemes (e.g. directional blocking schemes).

e Zone selectivity of unit protection (e.g. differential protection), based on CT locations.

Centralized protection based on measuring devices associated with specific circuit-breakers
in the microgrid. These measuring devices send raw or pre-processed data (e.g. sampled
values or phasor values of currents or voltages, binary information such as switch position
or current flow direction) to centralized equipment in real time remote via a communications
link. Based on all these synchronized data, the centralized protection can locate the fault
and trip the relevant circuit-breaker(s) to ensure selective fault clearance.

In the case of centralized protection, the local measurements can be processed to determine
local protection criteria (as backup protection), i.e. combinations of local stand-alone protection
and centralized protection are feasible and recommended.
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This document is not intended to provide a complete description of all possible protection
functions and applications in a microgrid. It focusses on the most important and commonly
applied protection functions, where application in microgrids might require special attention.

It neither goes into details of what kind of signal quantity is monitored (e.g. measured phase
current or calculated sequence current, true RMS value or fundamental component) nor how
the measured value is evaluated (window length or number of samples, filtering methods, etc.).
Due to the wide range of solutions available among the different products, the protection
engineer remains responsible for choosing the appropriate function and solution for the
application.

Apart from those protection functions listed in this document, many other protection funcfions
exist] for specific applications (such as earth fault protection in systems with no-effective
earthing) or specific types of equipment protection (such as overload protection dr) generator
protgction). However, these do not depend on whether the protected equipment is within a
micrgrid or a conventional power system.

To meet the reliability and selectivity requirements of protection systems{défined in Clauge 4,
the fpllowing are some general design recommendations for microgrid(protection systems

1) More than one protection level to enhance fault detection and selectivity should be usgd.

Jommunication among the protective relays should be ‘used whenever possible, for better
cpordination. It can be used to manage setting adaptatien according to the operating mode
(grid-connected or island mode) or used to manage-a centralized protection system (with a
black-up level based on stand-alone protection fufictions, not reliant on communication Ijnks).

3) Differential and directional protection _functions should be considered whenever
conomically viable, as they are well suited’'to power systems with distributed generators.

(0]

5.2 | Short-circuit protection
5.2.1 Overcurrent protection
5.2.1.1 Application of overcurrent protection in microgrid

Simple overcurrent protection is generally only applicable in the case of unidirectional short-
circujiit current flow.

5.2.1.2 Phase'\overcurrent protection

Phade overcurrent protection functions are described in IEC 60255-151 (IEEE/ANSI
C37.R/ANSI=function number 50/51).

This prntpr‘tinn can he used for grid-r‘nnnprtpd made _as it is well sujted to detect high short-
circuit current which are generally provided by the main grid.

This protection is not applicable in locations with low short-circuit currents close to rated value,
for example feeders located between busbars connected to distributed generators (Case 1 in
Figure 1). However, this protection can be used on final circuits directly supplying only loads,
where the ratio between the minimum short-circuit current and the maximum rated current is
high enough to be able to define an overcurrent setting (Case 2 in Figure 1). These final circuits
close to loads are generally unidirectional (single infeed). Phase overcurrent can be set with
time selectivity with upstream protection. Such overcurrent protection embedded in LV
miniature circuit-breakers (MCBs) or LV moulded-case circuit-breakers (MCCBs) remains
applicable for LV terminal panels.

Figure 1 gives a simplified example to illustrate the impact of the ratio between the minimum
short-circuit current and the maximum load current, where
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I, is the nominal/rated current of converter-based-generator (same value assumed for both
generators to simplify the figure);

I, is the minimum short-circuit current of the converter-based-generator (in steady state). It
could be close to the generator nominal value;

I, is the current setting of each circuit-breaker, equal to or above the maximum load current.

I I
n n

I I

n n

DC DC DC oC
AC AC AC \C
=1 CB1 \ \ I =1,
IEEE/ANSI C37.2 X
- . CB2 [ =2x]
function number 51 r2 i
not applicable
IEEE/ANSI C37.p
\ function number $1
% N * X X applicable
CB3 1.=1]/5 CB3 1.=1/5
r3 n r3 n
=
I =2x] =10x1,
Load Load Load Load Load Load Load Load
Case 1: fault close to main swichboards Case 2: fault on terminal feeders

IEC

Figure 1 — Ratio-between maximum load current/minimum
short-circuit current in the microgrid

In Case 1, the short-cirtcuit current is approximately equal to two times the nominal curregnt of
eachl generator. This (short-circuit level remains very close to the maximum load current which
is sgen by CB2. It is_not possible to define a setting for CB2 below the minimum short-c|rcuit
currgnt /. and above the maximum load current /5.

In Case 2xthe short-circuit current is nearly the same as Case 1 (line/cable/fault impedahces
are meglected) but the short-circuit current is higher than the maximum load current segn by
CB3] The current setting of CB3 is lower than CB2 because the maximum load current is Ipwer
(1/107Tatio in the figure). In this case, It IS possible 10 define a setting below the minimum short-
circuit current /g, and above the maximum load current /3.

5.2.1.3 Earth fault protection

Earth fault protection is a protection intended to operate for power system earth faults. Earth
fault protection functions are described in IEC 60255-151 (IEEE/ANSI C37.2 function number
50N/51N).

This protection is applicable in microgrids with a single earthing system (hence unidirectional
earth fault current) with the same constraints as in conventional systems. If there are several
neutral-to-earth connections at different locations, simple earth fault protection is generally
replaced by directional earth fault protection or other more complex protection functions to
ensure selectivity.
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Time selectivity between different 51N stages can be used when there is a single earthing
system. In this case, the earth fault short-circuit current is unidirectional and simple time
discrimination is possible. If the system is based on multiple earthing points, use of earth fault
overcurrent alone cannot guarantee fault protection's selectivity. Hence, directional earth fault
protection could be required to ensure selectivity.

Sensitive earth fault protection could be required for low (limited) earth fault short-circuit
currents. For MV feeders, such sensitivity is generally achieved by the use of a sensitive 51N
relay connected to a core balance current transformer. For LV feeders, a residual current device
(RCD) or ground fault protection can be used.

5.2.1.4 Voltage-controlled overcurrent protection

Voltgge-controlled overcurrent protection functions are described in IEC 60255-151 (\EEE/ANSI
C37.R function number 51V).

With|conventional grids or microgrids supplied by synchronous machines, thevoltage-contrplled
overgurrent protection function is used as backup protection function_féysecure phaseifault
clearing. This function is generally included with all the generator protections. This functior can
dete¢t low short-circuit currents, delivered by synchronous machine with or without ¢ver-
excitation (with a steady state short-circuit current below the ratedvalue).

With|microgrids based on a high proportion of converter-based generators, voltage-contrplled
overgurrent could be used as the main protection functionto detect low short-circuit currgnts.
The discrimination between low short-circuit current and‘@wormal load current is based on voltage
levels (e.g. the minimum of the three phase-to-phasé\or the three phase-to-neutral voltages).
With|normal load current, the voltage remains close‘to the rated value (normally between 0,9
and (1,1 times the nominal value). In the event of\a short-circuit, the voltage is determingd by
the fault location and the impedance betweenhe short-circuit and sources. Depending on the
faultlimpedance, the voltage can drop below(50 % of the nominal value.

In miicrogrids, voltage-controlled overcurrent can be used at different locations insidg the
micregrid, based on time or logic discrimination. For distributed generators with bidirectjonal
shorf{-circuit currents, voltage-contrelled overcurrent protection can be associated with a phase
diregtional element.

5.2.1.5 Fuse

A fupe is one type-~of/overcurrent protection device rather than a "protection functiof". It
operptes by melting“ef the fuse-element when the current exceeds a given value for a sufficient
time

For microgrids, fuses have the same application constraints as for overcurrent proteftion
(fungtionsnumber 51). Fuses have an inherent inverse-time characteristic, i.e. the operation|time
depgnds’inversely on the current. Fuses are thus not well suited for cases of low short-c|rcuit
current close to the rated value (typically in island mode).

5.2.2 Directional overcurrent protection
5.2.21 Directional phase overcurrent protection

Directional phase overcurrent protection functions are described in IEC 60255-12 (IEEE/ANSI
C37.2 function number 67).

This protection is typically used to ensure selectivity in systems with distributed energy
resources and bidirectional short-circuit current flows, for example closed ring with single
infeed.

Selectivity can be ensured with time selectivity or logic selectivity (signalling schemes).
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The phase directional element can be logically combined with voltage-controlled overcurrent.
Voltage-controlled overcurrent ensures detection of the short-circuit path and the directional
element enables time selectivity between protection stages or a directional logic selectivity.

5.2.2.2 Directional earth fault (residual) protection

Directional earth fault protection functions are described in IEC 60255-12 (IEEE/ANSI C37.2
function number 67N).

This protection is applicable to earth fault detection, depending on the selected earthing system.

With|distribution grids and long feeders, this protection can be required to distinguish between
the dapacitive current of a healthy feeder and fault current in a faulted feeder. This is particylarly
the ¢ase for systems with limited earth fault current, such as isolated neutral,’inipedhnce
earthed or resonant earthed neutral (Petersen coil) earthing systems.

Spegific directional earth fault protection is required to detect restriking faults. Fault deteftion
is based on transient signal analysis, and the protection shall be able to distinguish the trangient
signal in the faulted feeder from the transient signals which also occur©mn healthy feeders

5.2.3 Distance protection

Distgnce protection functions are described in IEC 60255-4921 (IEEE/ANSI C37.2 fungtion
number 21).

This|protection is applicable to any system architecture, only limited by minimum sensitivity
(minfmum fault current) and minimum zone size.

Distgnce protection is applicable as a maincprotection function to MV feeders (lines, caples)
with ftime selectivity (if feeder impedance_is*high enough to set up selective zones, othenwise
using signalling schemes) and to busbags with logic selectivity (signalling schemes).

5.2.4 Directional power protection

Diregtional power protection\functions are described in |IEC 60255-12 (IEEE/ANSI Q37.2
funcfion number 32).

This |protection is applicable to protect generators from running as a motor (using reverse artive
power as the criterioh) when excessive power from distributed generators is injected into a
synchronous machine (e.g. PV without curtailment).

5.2.4 Differential protection

Differential protection functions are described in the following parts of the IEC 60255-187
series:

a) IEC 60255-187-1 for transformer, motor and generator differential protection (IEEE/ANSI
C37.2 function numbers 87T, 87M, 87N and 87G);

b) IEC 60255-187-2 for busbar differential protection (IEEE/ANSI C37.2 function number 87B);
c) IEC 60255-187-3 for line differential protection (IEEE/ANSI C37.2 function number 87L).

This protection is applicable to MV microgrids irrespective of whether in grid-connected or island
mode, i.e. there is no need to adjust settings in the case of a change in grid connection.

The protection is applicable to all types of equipment (cable, line, busbar, transformer,
generator, motor) but may not be cost-effective if new communication links are required.
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This protection may not provide sufficient sensitivity for earth fault detection in systems with
limited earth fault current (not solidly earthed neutral). In this case, additional sensitive earth
protection shall be added to ensure a complete protection system (e.g. 51N or 67N).

Diffe

5.3
5.3.1
5.3.1

rential protection cannot provide backup protection for faults on adjacent equipment.

System protection
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e undervoltage protection functions are described in IEC 60255-127 (IEEE/ANS|NG

low voltage conditions (fault not cleared by feeder protection).

protection can be used on all busbars where generators are connected, with a simple
tivity to all feeder protection.

e undervoltage protection is also useful in addition to the’internal protection embedd
erter-based-generator control systems.

e undervoltage function is generally required in theé. loss of mains protection at the F
tect fault situations in the main grid (for grid-connected microgrids). In this case, selec
be ensured with all the protection inside thexmicrogrid, to avoid false disconnection
nain grid in the event of a fault inside the microgrid. The phase undervoltage protecti
OC shall meet the FRT requirements, if any.

.2 Phase overvoltage protection

e overvoltage protection functions are described in IEC 60255-127 (IEEE/ANSI C

protection is typically used as backup protection, for example to trip generators in ca
e of voltage controls

protection can'bé used on all busbars where generators are connected.

e overvpltage function is generally required in the loss of mains protection at the PO
bt fault'situations in the main grid (for grid-connected microgrids). The phase overvo
ction at the POC shall meet the FRT requirements, if any.
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.3 Residual overvoltage protection

Residual overvoltage protection functions are described in IEC 60255-127 (IEEE/ANSI C37.2
function number 59N).

This protection is typically used as backup protection for earth faults not cleared by the main
feeder protection. It can also be a main protection in microgrids with isolated neutral or high

impe

dance earthed systems.

This protection can also be used to provide an alarm in the event of an earth fault in an isolated
neutral or resonant earthed neutral system without automatic disconnection of supply (in
addition to an insulation monitoring device, if any).
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Residual overvoltage protection can be used as a part of the loss of mains protection at the
POC of a microgrid with an MV connection to the main grid. In this case, selectivity shall be
ensured with all the earth fault protection inside the microgrid to avoid false disconnection from
the main grid in the event of a fault inside the microgrid. The residual overvoltage protection at
the POC shall meet the FRT requirements, if any.

5.3.2 Frequency protection
Frequency protection functions are described in IEC 60255-181 and include three types:

a) underfrequency (IEEE/ANSI C37.2 function number 81U);
b) dverfrequency (IEEE/ANSI C37.2 function number 810);
c) rpte of change of frequency (ROCOF) (IEEE/ANSI C37.2 function number 81R).

This|protection is used to detect an unstable situation in power systems, for.example if the
event of an unbalance between load and generation. Frequency protection has,classically peen
implg¢mented through underfrequency load shedding schemes but can @lso be applied as
overfrequency generation shedding in microgrids.

-

Frequency protection is generally required in the loss of maing protection at the POC, in
assofciation with ROCOF, for underfrequency thresholds close to-nominal frequency. Frequgency
protgction at the POC shall meet the frequency ride-through réquirements, if any.

5.4 | Centralized protection systems

Centralized protection of a microgrid needs to integraté all information into a computer-bpsed
fault| protection system to protect all parts of thexmicrogrid, or subparts of the microgrnid in
comlbpination with stand-alone protection devices.

Cenfralized protection employs a variety 'of sensors and a combination of software| and
hardvare in order to acquire a wide.range of information about the system. It is based on
protgction functions that are easy to cgordinate in a centralized system. Centralized proteftion
mainly integrates protection functions in the microgrid to improve the overall performange of
the grotection.

A ceptralized protection system of a microgrid consists of the following parts:

a) Nleasurement unitsivA wide variety of sensor types can be employed to measurg the
bquired systenm parameters at different locations within the microgrid.

—

etwork. -A{redundant structure may be used to increase reliability. For example| the
EC 61850’communications protocol can be used to provide interoperability and appligable
gemantic data models describing microgrids.

b) Gommunications network: A communications medium is needed in a centralized proteftion
n
I

c) (entral protection unit: The measured data of a variety of parameters from different parts
of the system is received, and the information is exchanged between the central protection
unit and either measurement units or switching devices or both through the communication
network.

Centralized protection can be based on overcurrent protection, differential protection, other
protection types or their combination. Centralized protection typically involves measurement of
current on each branch and voltage at each busbar in the microgrid. Centralized protection is
based on advanced and detailed information and hence requires a fast and reliable
communications medium and protocol.

As centralized protection is based on communications links which could fail, backup protection
shall be included to ensure fault clearing in all cases. The backup protection could utilize, for
example, time coordination with the centralized system.


https://iecnorm.com/api/?name=90211d59130b65ce24f5840fd2922428

IEC TS 62898-3-1:2020 © IEC:2020 - 27 —

6

6.1

Dynamic stability and control

General

The nature of the stability and dynamic performance of a microgrid is different from that of a
conventional power system. Special features of a microgrid related to its size, system inertia
and the type of generators used result in the need for special consideration for stability and
control of microgrids. Another factor is the low X/R ratios of distribution lines in microgrids, as
a result of which there is a strong coupling between active and reactive power and hence
between voltage and frequency. Thus, any disturbance in a microgrid can be manifested in all
system variables.

For
fluctbations of large loads or DER power output can cause severe disturbances.

disturbances should be accurately distinguished from faults. The initial characteristics of f
and ¢ther disturbances are similar. For other disturbances, the fault detection signals will r
to their normal values quickly due to the actions of the transient and dynaniic control sys
of the microgrid. For faults, the detection signals remain significantly different from their ng

microgrid operating in island mode, fault incidents (occurrences and clearance

5) or
Such
aults
bturn
ems
rmal

valugs for a longer period and this results in tripping of appropriate circuit-breakers. Dynamic

and fransient controls against disturbances play a key role in microgrid-operational reliability.
6.2 | Dynamic stability in microgrids

6.2.1 General

Stabjlity of microgrids is critically different from stability, of the conventional grid due to fagtors
such| as:

a) jmaller size;

b) sghort feeder lengths and low X/R ratios;

c) Higher proportion of intermittent renewable energy resources;

d) gxistence and (in some cases) dominance of converter-based generators;

e) lpw system inertia;

f) different modes of operation.(grid-connected and island modes);

g) Susceptibility to unbalanced (between phases) operation.

Thede issues are preyalent in island mode of operation or in isolated microgrids. In the cage of
grid-connected opefation, the task of stabilizing the system voltage and frequency lies with the
interconnected grid-and hence less is required from the control functions which contribute to
the dynamic stability.

Stabijlity issues in microgrids can be due to control system stability or power balance stability.
The ¢ontrol systems of electric machines or of CBGs can be a possible source of stability issues
in 'r‘rngririe These issues are related to innrlnqun'rn control schemes or poor hlnirg of

equipment controllers. Effective load sharing among the generating units of a microgrid is also
critical to ensure stable operation. Stability issues related to power balance are associated with
the following events:

1)
2)
3)
4)
5)

loss of a generation unit;

violation of DER power limits;

poor load sharing among DER;

wrong choice of the grid-forming generator;

unplanned load switching.

Microgrids shall have the capability to regain steady state so that the system state variables
stay within admissible operating ranges after being subjected to such disturbances. The stability
requirements can be expressed in terms of the magnitude, angle or frequency of the voltage.
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Voltage instability and frequency instability are common phenomena and are handled
independently in conventional large grids. In microgrids, voltage and frequency can be strongly
coupled due to the low X/R ratio of feeders and hence the classification in this conventional
approach is less useful. Two types of stability, transient stability and dynamic stability, are thus
defined to better characterize the stability issues that are faced in microgrids. Transient
disturbance control is needed to achieve transient stability. Similarly, dynamic disturbance
control is needed to achieve dynamic stability.

6.2.2 Disturbances in microgrids

6.2.2.1 Transient disturbances

Trangient disturbances in microgrids correspond to the following events:

a) Unintentional mode transfer of microgrids between grid-connected and island mades;
b) Heavy load on/off switching;

c) major DER on/off switching;

d) fault clearing.

Trangient disturbances are related to the so-called "large disturbangées! which are charactefized

by Igrge frequency and voltage excursions and power swings among multiple DER as well as
short time periods (usually in the order of 0 ms to about 50 mg):

6.2.4.2 Dynamic disturbances

Dynamic disturbances are related to the following situations:

—

ne output of renewable energy sources in agmicrogrid reaches a sufficiently high propdrtion
nat the system approaches its stability boundary;

a)

—

b) dlanned islanding of a microgrid with a large number of non-linear loads;

c) intermittency, uncertainty and output’power fluctuation of renewable energy resources|;

d) non-linear loads having harmful-effects on power quality beyond what is acceptable ynder
bcal regulations;

e) (drid-side faults causing abnermal conditions of microgrids due to FRT requirements.

The time frame involvediin dynamic disturbances is longer than that of transient disturbahces
(usuglly in the order ofiabout 50 ms to 2 s). Dynamic disturbance issues commonly refer to
sustained, lightly dampeéd oscillations following a disturbance of small magnitude.

6.2.3 Voltage-and frequency stability
6.2.3.1 Voltage stability

As mictegrids involve short LV and MV lines rather than long transmission lines, voltage stapility
issues related fo voltage drops between the ends of feeders, and slow and sustained decay of
voltage, are not prevalent in microgrids. Voltage stability in microgrids is rather related to the
limits of DER, voltage sensitivity of loads and to poor reactive power sharing among DER.
Voltage stability issues in microgrids may be expressed in the form of undamped voltage
oscillations, low or high steady-state voltages (under- or over-voltage), large power swings, DC
link voltage ripples, or pole slipping in machines.

In order to ensure voltage stability in microgrids, the following considerations shall be taken
into account:

a) Boundary conditions shall be properly set for the output powers of the DER (in a centralized
control system) to make sure that the power limits of the DER are neither surpassed nor
approach the point where undamped voltage ripples may be caused.
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b) The voltage-reactive power droop slopes shall be correctly selected in DER implementing

droop control.
c) Reactive power demand shall be shared appropriately among the DER.

d) Special requirements of loads with high sensitivity to voltage stability shall be taken
consideration.

e) The capacity of EES systems shall consider voltage stability requirements and EES
relative to the overall microgrid system size.

6.2.3.2 Frequency stability

Due fo the strong coupling between voltage and frequency in microgrids, frequency*and vo
chanjges are also reflected as variations of load power. The microgrid system.frequency co
shallfbe coordinated with the primary control of DGs and voltage and frequéney dependen
syste¢m loads. The generation units involved in microgrids are typically smalDin size and nun

into

size

ated
ttent
veen
rids.
tage
ntrol
ce of
hber,

compared to interconnected grid, which means disconnection of one ‘of,the units could cpuse
largg changes in the system frequency with a high rate of change:) Conventional frequency
control techniques may not be fast and capable enough to address these challenges. Hence,
specjally designed frequency control should be available in order’to ensure frequency stapility

in microgrids operating in island mode.

requjrements:

Dynamic control in microgrids
1 General requirements

gchieve stability in microgrids, dynamic gontrol for microgrids shall meet the following

a) Selectivity: the control action to be taken in response to a disturbance should be selgcted
tp minimize the impact on normalisystem conditions and avoid unnecessary reductign or
Ipss of power supply from the DGs.

b) Ypeed: control actions should-be taken fast enough that the microgrid can recover its sjable
dperational status after a disturbance.

c) Reliability: the microgrid stability control should operate without failure, when requiredq and
ghould not operate-when action is not required.

d) Accuracy: the generated power to be reduced or increased through EESs, or the load {o be
ghanged due.to-the stability control action, should be of the right amount and applied dt the
right time.

e) Adaptability: the decision criteria and control actions should be adjustable based on the
modeé of operation of the microgrid (grid-connected or island) and the status of the DER and
Ipads’in the microgrid.

f) Coordination: For a central control system there should be proper coordination between the

central controller and the local controllers of the DER and the load management, so that
undesirable control actions are avoided.

6.3.2 Dynamic control functions

Stability control in microgrids is used to achieve the following functions:

a) maintaining the system in stable conditions that satisfy the operational constraints, such as
acceptable ranges of voltage and frequency;
b) avoiding interaction between CBGs and preventing undamped oscillations in the system

following small disturbances;
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c) preventing abnormal conditions or system collapse during disturbances such as load
changes, DER power changes, occurrence and clearance of faults, component failures,

operational setpoint adjustments or transition between operation modes;

d) avoiding serious consequences such as blackout and system collapse from undesired
operation of the microgrid;

e) restoring all state variables to new steady-state values which satisfy operational constraints
after being affected by a disturbance;

f) enabling the microgrid to black start in case of system failure;

g) ensuring microgrid resynchronization with the main grid;

h)
6.3.

6.3.3.

Con
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aKing sure that critical loads are supplied without interruption.
Control elements in microgrids

Major control elements in microgrid
ol systems of microgrids involve

nultilevel control functions implemented through a central controller for overall s
ystem operation, and

ndividual local control units for control of power outputs and ‘consumption of gener
nits and loads.

pgrids may include the following elements that can be\involved in the dynamic contj
nicrogrids (see Figure 2):

» Small hydro

* Wind turbine
- PV

= Dispatchable DER —_—

» Microturbine
» Smallsteam turbine
 Fuel.gell

ral Energy storage systems —_—

* Battery

* Pumped hydro

» Compressed air energy storage
* Flywheel

» Supercapacitor

Dispatchable loads
[ 1

IEC
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Ation

ol of

6.3.3.2

Figure 2 — Control elements in microgrids

Intermittent RES units

Intermittent RES units are very common in microgrids and in some cases the dominant sources
of power supply. Controllability of these units is limited by the physical nature of the primary
energy resource, which mostly are non-dispatchable. However, there is the possibility to control
the reactive power output from RES units, independently from the available active power,
through properly designed power electronic interfaces. Thus, RES units with independent
reactive power interfaces can be employed in reactive power control for system stability in

microgrids.
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Some wind turbines and small hydroelectric power units may use constant speed indu

ction

generators which may not need converter interfaces. In such units, the mechanical power output

determines the generated active power. Shunt compensators may be used to contro

| the

reactive power. Variable speed wind turbines, however, involve converters. There may be two
converters in some cases. The source side converters are usually voltage source inverters and
are controlled to provide maximum power point tracking capability. The grid side converters are

controlled for DC link voltage regulation and control of active and reactive power output.

PV systems also involve inverters which allow control of the active and reactive power output
of the system. Maximum power point tracking (MPPT) control is an important aspect in PV
systems and may be achieved through either the DC-AC inverter or a DC-DC buck-boost

convierter.

6.3.3.3 Dispatchable DER

Dispptchable or quasi-dispatchable units that generate power in proportion” to their
consjumption may also exist in microgrids. This fuel dependency provides controllability o
unit |Jand allows flexibility of the output (both active and reactive pewer outputs). T
dispatchable sources are the main source of controllability in microgrids,"Choosing DER
fast |unit response time (high ramp rate) is advantageous to epsure stable operatig
microgrids.

6.3.3.4 Energy storage systems

Energy storage systems are important for stable operation of isolated microgrids or island n
of non-isolated microgrids. The EESs may be suited,“to either energy intensive or p
intensive applications based on their response rate’ and storage capacity. These EESs
serve as controllable AC voltage sources to ensuréwoltage and frequency stability in micro

Energy storage systems for power intensive applications, such as fly wheels
supercapacitors, can be used for transient disturbance control of microgrids. Energy sto
systems for energy intensive applications, such as batteries and pumped storage, can be
for dynamic disturbance control of microgrids. Examples of such applications of EES
trangient and dynamic disturbance<gontrols are given in Annex A.

6.3.3.5 Dispatchable loads

Conffrollable and interruptible loads in microgrids can serve as controllable components

fuel
f the
hus,
with
n of

node
bwer
can
grids.

and
rage
used
5 for

that

can ¢ontribute to frequency and voltage stabilization. Their active power consumption can be

controlled based on the system frequency and voltage.

The |detailed~requirements for methods of implementing this technique are specifie
IEC TS 62898<3-31.

d in

6.3.4 Control systems of microgrids

6.3.4.1 Control system hierarchy

Control systems of microgrids, especially those with a sufficiently high number of components,

involve a hierarchy of control functions. See Figure 3.

1 Under consideration. Currently at CDM stage.
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Tertiary control

- Optimal operation

Secondary
control

- Voltage stabilization
- Frequency stabilization

Ot tral
Pt COntoT

- Load sharing
- Islanding detection
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Figure 3 — Hierarchical control levels of a microgrid

Primpry control includes fundamental control hardware for internal voltage and current cqgntrol
loop$ of the DER. Secondary control is intended to compensate forZdeviations in the system-
level| voltage and frequency which are caused by the primary centrols, through which voltage
and frequency stability can be ensured. Higher level controlg, 'such as optimal operation (for
optimization of parameters such as cost, power loss, emissiofY) and power exchange with the
grid,| generally operate over longer times and are handled by the tertiary control. Detpiled
requlrements for tertiary control and its functions are praevided in IEC TS 62898-3-22.
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Figure 4 — Centralized multilevel control of microgrids

A typical centralized multilevel control for a microgrid is shown in Figure 4. In island mode, the
reference set points are the nominal voltage and frequency. In grid-connected mode the DG
operate in PQ control mode and hence the reference set points are the active and reactive
power. The microgrid central controller encompasses the secondary control and has overall
control of the multilevel control system. It communicates regularly with the local DGs or load
controllers and manages the operation of the microgrid by providing set points to the local
controllers.

2 Under consideration. Currently at CDM stage.
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6.3.4.2 Primary control

Primary control of microgrids is exclusively based on local measurements, local calculations
and local implementation. Hence, it does not require a communications network. Primary control
carries out functions such as output control, load sharing, islanding detection and plug and play
of DGs. Synchronous generators achieve functions of power sharing and output control through
their governor, voltage regulator and the machine inertia.

Microgrids dominated by CBGs have very low or no inertia compared to conventional grids or
microgrids involving conventional synchronous machines. The primary control in such
microgrids is achieved through control of the interfacing voltage source converters. Different
type§ of CBGsS employ different primary conirol methods 10 achieve primary control Tuncligns.

rid-forming CBG: The primary control in grid-forming CBGs is intended to providé functions
uch as voltage stability, frequency stability, black start capability and load sharing. {Grid-
fprming CBGs are voltage sources that provide voltage and frequency references fof the
icrogrid in island mode of operation. Control strategies including droop-control, virtual
ynchronous machine control, AC voltage control, AC current contfoly indirect cufrent
ontrol and active current sharing can be used for primary control of-grid-forming CBQs.

b) Grid-supporting CBG: Grid-supporting CBGs are controlled current sources or contrplled
oltage sources with control functions such as maximizing active power output|and
upporting reactive power. MPPT control and AC voltage control are some of the common

rimary control strategies in grid-supporting CBGs.

rid-following CBG: The voltage and frequency of grid-fellowing CBGs are imposed by the
ain grid in grid-connected mode or a grid-forming CBG in island mode. Hence, |grid-
fpllowing CBGs are current sources with the intention to inject a pre-defined level of active
nd/or reactive power so as to provide functions such as power dispatch and real| and
reactive power support. Control strategies for primary control of grid-following CBGs inglude
urrent control, AC voltage control, virtual ‘oscillator based control, virtual flux orignted
ontrol and direct power control.

c)

Power sharing is one of the critical functions of primary control. The most widely used methods
for implementation of this function are*droop based methods. Conventional droop contfol is
based on the relationships expressé€d by Formulae (1) and (2).

ﬁef:fO_KP(P_PO) (1)

Uref: U'O_KQ(Q'QO) (2)

where
Jref | is thecreference frequency;

fo is\the fundamental system frequency;

Kp is the active power regulation coefficient;

P is the measured active power;
Py is the pre-set reference power;

is the reference voltage;

U’y s the targeted system voltage;

Kq is the reactive power regulation coefficient.

Improved versions may be used for better performance of droop control when adopted for

microgrid where there is higher coupling of active and reactive power. In case of grid-connected
operation mode, the grid code requirements for acceptable primary control band, frequency
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active power droop characteristics and voltage reactive power droop characteristics shall be
satisfied.

6.3.4.3 Secondary controls

Secondary controls are centralized controls and the second layer control in a hierarchical
control of the microgrid. They are designed with slower dynamic response relative to primary
control. Secondary control complements the task of the primary control to improve the power
quality and system performance of the microgrid. It is intended to restore the frequency and
voltage amplitude by compensating for the impact of the primary control on steady state
characteristics.

As ilhown in Figure 4, frequency and voltage magnitude at the microgrid main buspar are
compared against the corresponding reference values. The error signals of voltage| and
freqyency are processed to calculate the control signals for the primary controllers -0f the|DGs
to cpmpensate for the frequency and voltage deviations. This relation is<expressegd in
Formulae (3) and (4).

Sf: Kp,f (fref'f)+ Ki,f J.(fref 'f)dH— Afs 3)

SU=K,y (U~ U)+ Ky | (Ug-)dt (4)

wherte
of is the error in frequency;
is the power to frequency regulation propottional coefficient;

Jret | is the reference frequency;

f is the measured frequency;
Ki¢ | is the power to frequency regulation integral coefficient;

t is the time;

Afs | is the error in system frequency ;

dU | is the error in voltage;

Kou is the power to \voltage regulation proportional coefficient;
is the reference voltage;

U is the_ measured voltage;

K; y | is therpower to voltage regulation integral coefficient. Secondary controls may also dover

cantrol for parallel operation performance of generators. Some of the control technigues
forparattetoperatiomof muttipte generatorsare:

a) Master-slave control: A voltage-controlled inverter is used as a master unit which maintains
the output voltage magnitude and frequency. This converter generates current commands
to the current-controlled inverters, which are the slave units.

b) Power sharing control: The current from each unit is measured and compared to the
calculated average value to generate the control signal for load sharing.

c) Generalized droop control: This control technique uses either conventional
frequency/voltage droop control, opposite frequency/voltage droop control, or their
combination with other techniques.

Secondary control may also be able to provide ancillary services such as those stated in IEEE
Standard 1547, for example load regulation, spinning reserve, voltage regulation, and reactive
power supply.
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